Avaliação da realização pré-operatória da angiotomografia associada a angiografia convencional versus angiotomografia apenas no tratamento endovascular das doenças da aorta Objective: To evaluate the association of conventional angiography (AG) with computed tomography angiography (CTA) as compared with CTA only, preoperatively, in the treatment of aortic diseases. Materials and Methods: Retrospective study involving patients submitted to endovascular treatment of aortic diseases, in the period from January 2009 to July 2010, with use of preoperative CTA + conventional AG or CTA only. The patients were divided into two groups, namely: G1 -thoracic aortic diseases; and G2 -abdominal aortic diseases. G1 was subdivided into 1A (preoperative AG + CTA) and 1B (preoperative CTA). G2 was subdivided into 2C (CTA + AG) and 2D (CTA only). Results: The authors evaluated 156 patients. In subgroups 1A and 1B, the rate of technical success was, respectively, 100% and 94.7% (p = 1.0); and the rate of therapeutic success was, respectively, 81% and 58% (p = 0.13). A higher number of complications were observed in subgroup 1B (p = 0.057). The accuracy in the calculation of the prosthesis was higher in subgroup 1A (p = 0.065). In their turn, the rate of technical success in subgroups 2C and 2D was, respectively, 92.3% and 98.6% (p = 0.17). The rate of therapeutic success was 73% and 98.6% (p = 0.79). Conclusion: Preoperative conventional AG should be reserved for cases where CTA cannot provide all the information in the planning of a therapeutic intervention. Keywords: Aneurysm; Vascular prosthesis; Angiography.
INTRODUCTION
The ideal imaging method in the preparation for endovascular aortic repair must allow the assessment of the vessel diameter, of the aortic wall and iliac arteries characteristics, as well as the evaluation of the proximal and distal aortic necks in the regions involved by the disease to be treated.
Until recently, since the development of the technique by Seldinger et al. in 1953, conventional angiography (AG) has been considered as the standard method for the diagnosis of aortic diseases. The angiographic study corresponds to the injection of a contrast agent into the vascular system to be visualized with the utilization of xrays (1) . Such method can map the entire aorta, providing accurate information on its branches, aortic ostium, reentry, rupture zones and ulcerations. The major benefit from aortography is determining the relationship between the aneurysm or aortic flap and the vessels of the aortic arch, besides allowing the diagnosis of aortic insufficiency and presence of cephalic alteration of the coronary ostium. AG is indicated for patients above the age of 40, with the objective of diagnosing concomitant coronary diseases. Such imaging method allows the evaluation of the vessel lumen, but does not evaluate its walls as well as the presence of mural thrombi, providing a suggestive diagnosis (2) . AG only is not sufficient to provide all the information required to enable endovascular treatment of aortic disease (3) (4) (5) (6) . Currently, multislice CT angiography is the method of choice for the diagnosis and topographic evaluation of the aorta, since it is available in many centers and presents high sensitivity and specificity, besides being rapidly and less invasively performed (7) (8) (9) . Multislice CT angiography can provide information on structures adjacent to the aorta, ventricular wall thickness, presence of coronary calcification, pericardial effusion, aortic dimensions, disease extent, presence of thrombi, aortic wall characteristics, delamination, hematomas, ulcerations, main branching and occlusion (2) . In the authors' institution, all the patients eligible for endovascular treatment are preoperatively assessed with CT angiography and, optionally, AG as a complementary tool.
The present study was aimed at evaluating the association between AG and CT angiography preoperatively as compared with CT angiography only, in the treatment of aortic diseases, approaching the following variables: technical success, therapeutic success, complications, correct endoprosthesis calculation, and mortality.
MATERIALS AND METHODS

Study design
A retrospective, longitudinal, observational and comparative study was designed and developed in a reference center for cardiovascular diseases in São Paulo, SP, Brazil, in the period from January 2009 to July 2010. The study sample comprised 156 patients submitted to endovascular repair of abdominal and thoracic aortic diseases. Such a population was divided into two groups, namely: group 1 (G1) -thoracic aortic interventions; group 2 (G2) -abdominal aortic interventions. The G1 was subdivided into 1A (patients submitted to preoperative aortography and CT angiography), and 1B (patients submitted to CT angiography only). The G2 was subdivided into 2C and 2D, corresponding to patients preoperatively submitted to CT angiography + AG, and to CT angiography only, respectively ( Figure 1 ).
Inclusion and exclusion criteria
The present study included male and female, symptomatic and asymptomatic patients with indication for endovascular treatment for the following aortic diseases (4,10-12) : 1 -Abdominal aortic aneurysm with > 55 mm in diameter in male individuals, and > 50 mm in female individuals.
2 -Type I or type II leakage in previously treated patients.
3 -Thoracic aortic aneurysm with > 55 mm in diameter.
4 -Chronic Stanford type B aortic dissection with aneurysmal dilatation > 55 mm, or type I/type III leakage repair.
5 -Thoracic aortic pseudoaneurysm. 6 -Penetrating thoracic aortic ulcer with > 2 cm in diameter and 1 cm in depth.
Patients with the following conditions were excluded: proximal neck length < 15 mm, presence of thrombus or calcification > 50% of the neck diameter, proximal neck angle > 65°, aortoiliac bifurcation angle > 90°, external iliac arteries diameter < 7 mm, creatinine serum levels > 2.0 mg/dl or creatinine clearance < 30 ml/min.
The patients who met the inclusion and exclusion criteria were consecutively referred for endovascular treatment. The cardiological and/or anesthetic risks were not taken into consideration for inclusion or exclusion of patients. In all of the cases, the diagnosis and the therapeutic schedule were based on CT angiography, as preoperative conventional AG was an optional diagnostic method. Multiplanar and 3D reconstructions of all the CT angiography images were made with the AID of the Osirix® software, allowing the obtention of diameters, angles and length of proximal aortic necks, aneurysms and aortoiliac bifurcations (Figures 2, 3, 4 and 5). 
Surgical technique
All the procedures were performed in a reference center for cardiovascular diseases (Instituto Dante Pazzanese de Cardiologia -São Paulo, SP, Brazil).
The endovascular procedures were performed with the patients under general inhalation anesthesia. The antimicrobial prophylaxis was performed with 1.5 g cefuroxime at the moment of anesthetic induction. The preferential approach was through the common femoral artery, either uni-or bilaterally, as well as through the left brachial artery, according to the selected type of intervention of endoprosthesis. In cases of impossibility of such approach, the external or common iliac arteries were approached through retroperitoneal access.
The radiographic follow-up was performed with an Artis flat panel apparatus (Siemens; Munich, Germany). Intraoperative arteriography was performed in all the patients ( Figure 6 ). The immediate postoperative management was performed in intensive care unit for all of the cases.
Postoperative follow-up
The patients were followed-up on an out-patients basis at 15, 30, 180 and 360 days after the procedure. After the first year, the follow-up consultations became annual. CT angiography was performed at the first and at the twelfth months of follow-up. Color Doppler ultrasonography was performed in cases where CT angiography was contraindicated.
Primary and secondary outcomes
1 -Technical success: as the objective of releasing the endoprosthesis into the affected vessel was accomplished, either with or without events affecting the favorable evolution of the aortic disease.
2 -Therapeutic success: as the endoprosthesis release occurred without any leakage or other events affecting the favorable evolution of the aortic disease.
3 -Perioperative mortality: quantity of deaths recorded within the first 30 postoperative days.
4 -Annual mortality: quantity of deaths occurred within the 12 months of follow-up.
5 -Periprocedural complications: a) intraoperative complications -those occurred in the hemodynamics room, during the intervention; b) perioperative compli- cations -those occurred during hospital stay, out of the hemodynamics room, within 30 days after the intervention. 2 -Accuracy in the calculation of the planned endoprosthesis, according to the preoperative measurement, as compared with the utilized endoprosthesis. In cases where the planned endoprosthesis matched the utilized endoprosthesis, the calculation was considered as coincidental. In cases of differences of > 2 mm in diameter and 20 mm in length between the planned and the utilized endoprostheses, the calculation was considered as approximate. In cases of greater differences in diameter and length, the calculation was considered as different.
Such criterion, despite still not having been validated in literature, corresponds to the criteria universally utilized in the daily practice of interventional physicians involved in endovascular interventions for aortic diseases.
Statistical analysis
The exact Fisher test or the chi-squared test was utilized to evaluate the association between the qualitative variables. The Kaplan-Meier curve was utilized for analysis of survival, and the log-rank test was utilized to evaluate the differences between the survival curves. The adopted level of statistical significance corresponded to 5% (p < 0.05).
RESULTS
The present study included 156 patients submitted to endovascular repair of aortic diseases. The G1 included 54 patients -16 of them who underwent CT angiography and AG (subgroup A), and 38 underwent CT angiography only (subgroup B). The mean age of the patients was 62.4 ± 8 years, and 61% of them were men. The patients were asymptomatic in 24 cases (44%). The predominant risk factor was systemic arterial hypertension (100%), 10 patients (5.4%) were diabetic, 28 (15.1%) were smokers, and 21 (11.3%) had dyslipidemia. Obesity (body mass index > 40) was present in 4 patients (2.1%) of the study population (Table 1) .
Among the comorbidities, the authors observed a high incidence of ischemic cardiopathy (10.8%). Chronic renal failure and stroke also were present to a lesser degree, respectively 6.4% and 3.7%. The authors observed a significant percentage of patients with previous history of aortic surgery (9.7%) ( Tables 1 and 2 ).
The indications for endovascular repair in such population were distributed as follows: TAA in 22 cases (11.8%), previous endoprosthesis leakage in 14 cases (7,6%), penetrating aortic ulcer in 2 cases (1.08%), pseudoaneurysm in 1 case (0.5%), and type B chronic aortic dissection in 15 cases (8.1%).
All the patients were submitted to elective treatments, under general inhalation anesthesia, with selective liquor drainage. Technical success was achieved in all the patients of the subgroup A, while in subgroup B, technical success was achieved in 36 patients (94.7%), so in 2 patients the endoprosthesis could not be advanced and placed into the desired location (p = 1).
The therapeutic success in the subgroup submitted to preoperative CT angiography + AG achieved 81% (13 patients). In such subgroup, three patients presented leakage or events which affected the favorable evolution of the aortic disease (19%). In the subgroup B, 22 patients had therapeutic success (58%) (p = 0.13).
The rate of complications in the subgroup A was 12% (2 patients), and in the subgroup B, 42% (16 patients) (p = 0.057). The complications were divided as follows: subgroup 1A -a) intraoperative: 1 case of femoral artery injury; b) periprocedural: 1 case of acute renal failure; subgroup 1B -a) intraoperative: 1 case of peripheral embolism, 6 cases of femoral artery lesions, 1 case of left subclavian artery occlusion; b) periprocedural: 2 cases of retroperitoneal The value corresponds to the number of patients. BMI, body mass index. The accuracy in the calculation of the prosthesis was higher in the group with TC angiography + AG (p = 0.065). In this group, 87.5% of the patients presented coincidence between the calculated and the utilized prostheses, and only 1 patient achieved an approximate result. No case of difference between calculated and utilized prosthesis was observed.
In the group submitted to CT angiography only, coincidence between calculated and utilized prostheses was observed in 18 cases (47%), and in 10 cases (26%) the calculation was approximate (Table 3) .
No death was observed in the subgroup 1A, while in subgroup 1B 4 deaths were observed during the annual follow-up (10.5%) (p = 0.936) (Figure 7) .
In the G2, 102 patients were included and 3 of them missed the follow-up. In this group, 26 (25.4%) were preoperatively evaluated with CT angiography + AG (subgroup 2C) and 73 TC angiography only (subgroup 2D). The mean age was 72.9 years, and 79% of the patients were men. In 76% of cases, the patients were asymptomatic. The predominant risk factor was systemic arterial hypertension in 100 patients (99%), 23 (22%) were smokers, and 51 patients (50%) presented dyslipidemia. Diabetes mellitus was present in 23 cases (22%), and obesity (body mass index > 40), in 5 patients (4.9%) ( Table 1) . Among comorbidities, the authors observed a high incidence of ischemic cardiopathy (57.8%) and chronic renal failure to a lesser degree (14.7%). Thirteen patients (12.7%) presented with previous history of aortic surgery.
The indications for endovascular repair in this population were distributed as follows: abdominal aortic aneurysm in 88.2% and leakage in 11.8%. Approximately 24% of such patients were treated on an emergency basis, because of alarming symptoms. Technical success was achieved in 92.3% of cases in the subgroup 2C, and in 98.6% of cases in the subgroup 2D (p = 0.17), while therapeutic success was achieved in 73% and 98.6% of cases, respectively (p = 0.79).
The rate of complications in the subgroup 2C was 23% (6 patients), and in the subgroup 2D was 77% (56 patients) (p = 1.0). The complications were distributed as follows: subgroup 2C -a) intraoperative: 3 cases of surgical wound bleeding, 1 case of femoral artery injury, and 1 case of peripheral embolism; subgroup 2D -a) intraoperative complications: 3 cases of surgical wound bleeding, 1 case of renal artery occlusion, 1 case of femoral artery injury, and 1 case of peripheral embolism; b) periprocedural complications: 2 cases of acute renal failure.
Accuracy in the calculation of the endoprosthesis in the subgroup 2C was coincidental between the calculated and utilized endoprostheses in 16 patients (62%), approximate in 4 patients (15%), and in 6 patients (23%) such evaluation could not be performed. In the subgroup 2D, coincidence between the calculated and utilized prostheses was observed in 38 patients (52%), approximation in 20 patients (27.7%), and difference in 1 patient. In 14 patients, such evaluation could not be performed (p = 0.46) ( Table 3) .
The annual mortality rate in the subgroup 2C was 14.3%, and in the subgroup 2D, 11.3% (Figure 8 ). The annual global survival in the G1 was 86.7%, and in the G2, 87.8%.
DISCUSSION
Preoperative CT angiography, either in association or not with conventional arteriography, represents the standard in the investigation of aortic diseases (4, 11) . The present study has evaluated the utilization of preoperative aortography as a useful tool for the planning of an appropriate treatment. In the present study sample, the number of preoperative AG studies was higher in the G1 as compared with the G2 (29.6% versus 25.4%). The authors observed that the percentage of coincidental measurements in the cases where thoracic aortography was performed corresponded to 87.5% versus 47% in the cases where such imaging study was not performed. The number of approximate calculations was lower in the thoracic population with AG (6.3% versus 26%, p = 0,065). Maybe, a larger study sample could increase the level of statistical significance observed in the present study.
The angiographic investigation of the aortic arch, descending thoracic aorta, and abdominal aorta demonstrates alterations such as stenosis, dilatation, ulcerations and anatomical variations, but this method is associated with a higher morbidity and lower images definition to identify presence of calcifications, tortuosity and ostial stenosis as compared with CT angiography. This is due to the fact that AG is a biplanar study of the arterial lumen, while CT angiography is a 3D study (13, 14) . The success of the endovascular repair depends on the anatomical and morphological evaluation of the aortic walls (presence of calcifications and thrombi), as well as on the correct measurements of the diameter and length of the proximal and distal landing zones. The rate of coincidence in the calculation of the endoprosthesis was higher in the G1 than in the G2. The latter presented a higher rate of approximate calculations, demonstrating that, in the investigation of thoracic aortic diseases, pre-or intraoperative arteriography may be a useful resource for a better surgical planning. Therefore, as the proximal and distal necks of an aneurysm are assessed, it is observed that CT is the best method for measuring their diameter, considering that both digital subtraction angiography and magnetic resonance angiography rely on the contrast column to identify the diameter, underestimating its actual value. On its turn, AG with a marked catheter is more accurate in the measurement of the neck length, aneurysmal extent, and in the determination of the best location for the endoprosthesis release, aiming at the occlusion of the entry ostium in dissections as well as in cases of endoprosthesis release proximal to branches of the supra-aortic trunk. In abdominal aortic diseases, axial sections of CT angiography are not appropriate to evaluate iliac segments, since such vessels present inclinations both in the coronal and sagittal planes. Images reformatting and display in the coronal, sagittal and three-dimensional allow a better evaluation. The quality of such images reconstruction depends upon expensive post-processing techniques (15, 16) , for this reason arteriography is more useful in the calculation and planning of extensions in the contra-or ipsilateral legs, due to tortuosities frequently observed in such cases.
In both G1 and G2, variables such as technical success, therapeutic success and mortality did not demonstrate any statistically relevant marker which might suggest the association of CT angiography + AG presents some advantage as compared with CT angiography only.
As regards complications, in G2, the authors observed two patients with iliacofemoral occlusion, and only one of them underwent preoperative AG. On the other hand, in G1, 7 patients presented iliacofemoral injuries and, among them 6 had not been submitted to preoperative AG. Additionally, the authors observed that in both groups the patients preoperatively prepared with the two imaging methods presented a low incidence of complications. In G1, the sample size limited the statistical significance (p = 0.057).
It is important to highlight that the longer the pathway of the endoprosthesis placement system, the greater the anatomical obstacles to be overcome and, therefore the greater the likelihood of complications. The pathways of the endoprosthesis placement systems were longer in the G1 as compared with the G2, and should overcome the frequent thoracic and iliac anatomical distortions, as well as the greater tortuosity of the aortic arch.
Digital AG remains as the standard in the investigation of parietal branches such as, for example, the bronchial arteries, intercostal arteries, and those arteries supplying the spinal cord (17) (18) (19) (20) . This has implications for the rate of complications. In G1, the authors observed two cases of permanent paraplegia where the patients had been preoperatively evaluated with CT angiography only.
With the arrival of new imaging technologies which offer a better accuracy in endovascular therapy plannings, intravascular ultrasonography has been utilized in association with AG. Intravascular ultrasonography is an excellent method to evaluate the vessel walls. An intensely calcified wall is a predictor of leakages, while the attachment of the prosthesis to parietal thrombi may give a false idea of fixation, predisposing to graft migration with consequential later leakage. In spite of the fact that intravascular ultrasonography does not demonstrate decreased leakage in aortic endoprostheses repair, this method can be useful in the evaluation of more complex landing zones, either because of the tortuous anatomy or because of the necessity of accuracy in the release of devices to preserve the visceral branches (21) . Finally, the real time evaluation of leakages with AG allows the observation of the volume of loss of leakage, including in type IV leakages, which are indirectly suggested by CT, by the enlargement of the aneurysmal sac without the presence of the other types of leakages, leading to the adoption of therapeutic measures at the moment of images acquisition.
Study limitations
The limitations were connected with the following factors: number of patients evaluated, the retrospective nature of the study, the non randomized comparison between the groups, and the utilization of criteria still to be validated in the literature to evaluate the measurements of the endoprostheses. Such factors lead to limitation of the conclusions and of the comparison with more comprehensive studies.
CONCLUSIONS
In the present study, the utilization of preoperative aortography in the evaluation of abdominal aortic diseases has not influenced the selection of the preoperatively calculated and the actually utilized endoprosthesis, as well as did not modified the patients' outcomes.
In the group of patients with thoracic aortic diseases, preoperative arteriography resulted in a greater coincidence between the preoperatively calculated and the utilized prosthesis, but, also, the outcomes did not change.
Therefore, the authors conclude that the diagnostic angiographic study should be reserved for the cases where CT angiography cannot provide all the reliable information required for the planning of a therapeutic intervention, or in the presence of anatomic adversities to be overcome in order to achieve the treatment objectives.
